The Mediterranean diet is a dietary pattern associated with increased longevity, and has been shown to have anti-inflammatory properties. Based on the findings that natural polyamines are strong anti-inflammatory substances, we have found that continuous and increased polyamine intake prolongs murine lifespan. Because polyamines are contained in most foods in widely varying concentrations, we sought epidemiologic evidence that supports an association between the Mediterranean diet and increased polyamine intake. The amounts of food supply in 49 European and other Western countries in 2005 were collected from the United Nations database, and the amount of food polyamine was estimated using polyamine concentrations in foods from published sources. The Mediterranean diet pattern was characteristically observed in Mediterranean countries. For all 49 countries and for foods such as olive oil (Spearman r = 0.602), fruit (r = 0.804), fruit and vegetables (r = 0.611), seafood (r = 0.461), and cheese (r = 0.411), the ratios of the amounts of these foods to total calories consumed were all positively associated (P , 0.05) with the amount of polyamine per calorie. Legumes per calorie (r = 0.379), wine per calorie (r = 0.285), and the amount of seafood and poultry meat relative to red meat (r = 0.313) had a trend of positive association with the amount of polyamine per calorie (P , 0.05), while several foods in the non-Mediterranean diet group had a trend of no or negative association. Food polyamines are absorbed quickly from the intestinal lumen, and long-term increased polyamine intake increases blood polyamine concentration. The present findings, together with previous studies on polyamines, indicate a possible role for the food polyamines that are abundant in the Mediterranean diet in prolonging human life.
Introduction
The phrase "Mediterranean diet" reflects the dietary patterns characteristic of several countries in the Mediterranean Basin. In spite of the relatively high amount of fat consumed in Mediterranean countries, individuals living in these countries have far lower rates of cardiovascular disease than do those living in the surrounding European countries and the US, where similar levels of fat are consumed. A large number of epidemiologic studies, as well as several interventional studies, have shown that the Mediterranean diet pattern is closely associated with prolonged lifespan and decreased mortality due to chronic age-associated health deterioration. [1] [2] [3] [4] [5] [6] The principal components of the Mediterranean diet pattern include olive oil (the principal source of fat), high consumption of legumes, fruit, and vegetables, with moderate consumption of dairy products (mostly as cheese and yoghurt), moderate to high consumption of fish and poultry, low consumption of red meat and meat products, as well as low to moderate wine consumption. Several nutrients and non-nutrients have been shown to be abundant in the Mediterranean diet pattern, and their possible contributions to decreased mortality due to age-associated diseases have been investigated. However, despite these extensive studies, the role of nutrients such as antioxidants, isoflavone, vitamins, and phytochemicals in preventing disease has not been successfully confirmed. Consequently, the focus has turned to whole diets rather than specific supplements to prevent age-associated diseases, such as cardiovascular disease. 7 Polyamines (spermine, spermidine, and putrescine) are organic compounds having two or more primary amino groups, are indispensable for cell growth and differentiation, and are contained in almost all cells. Polyamine is absorbed quickly from the intestinal lumen and distributed to all organs and tissues in the body. [8] [9] [10] [11] Because most foods originate from plants or animals, almost all foods contain polyamines, but in widely varying concentrations. [12] [13] [14] Among various foods, beans, especially soybeans, contain abundant polyamines, especially spermine and spermidine. A large number of studies have shown that soybeans contain component(s) that have favorable effects on the progression of chronic age-associated disease, although the identity of these substances remains undefined. 15 We have shown that spermine and spermidine exert an anti-inflammatory effect by inhibiting the synthesis of proinflammatory cytokines and decreasing exclusively the expression of leukocyte function-associated antigen-1, one of the pivotal molecules needed to elicit immune cell activation and inflammation. 16, 17 Considering the findings that anti-inflammatory substances, such as component(s) of the Mediterranean diet, soybeans, and n-3 unsaturated fatty acid found in fish oil seem to inhibit age-associated diseases, then anti-inflammatory polyamines may have a role in inhibiting the progression of age-associated disease. [18] [19] [20] [21] [22] This is supported by our finding that mice having a long-term intake of chow with polyamine concentrations two to three times higher than that of soybeans had decreased age-associated pathologic changes and increased longevity.
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Materials and methods
In order to support the premise that the increased polyamine intake by the Mediterranean diet helps inhibit age-associated diseases and increase human longevity, epidemiologic evidence indicating an association between Mediterranean diet and increased polyamine intake was gathered. Dietary data (levels of food supply in 2005) were obtained from the online database of the Statistics Division of the Food and Agriculture Organization of the United Nations. The target populations were those of 49 countries in Europe, North America, and Oceania (see Figure 1 ) with similar racial and ethnic composition, as well as social and religious backgrounds.
The food concentrations of spermine, spermidine, and putrescine were obtained from published reports of concentrations measured in European foods. 12, 13 When these reports lacked polyamine concentrations for specific foods, or additional data were necessary to obtain an accurate average concentration in a food, we used data from Nishibori et al. 14 Because food supply data from the World Health Organization do not necessarily indicate the absolute amount consumed by each nation and in order to capture the features of the dietary pattern, a relative measure of the amount of various foods, such as food supply per total calories, was employed.
The availability of foods in Mediterranean countries and northern European countries was compared by Mann-Whitney U test, with a P value less than 0.05 considered significant. Spearman correlation coefficients were calculated to examine the association between the relative amount of various foods and polyamine amount per calorie. Analyses were done using StatView 5.0 (SAS Institute Inc, Cary, NC) run on an Apple computer, with correlation coefficients of more than 0.4 and P values less than 0.05 considered to be significant.
Results
The concentrations of three polyamines obtained from published papers and used for the present study are 14 ; t soft cheese, Swiss emmental, French emmental, goat cheese without rind, Brie pasteurized without rind, graded cheese, camembert, Brie pasteurized with rind, goat cheese with rind, roquefort, sweet cantal with rind, comte, Saint Nectaire without rind, Saint Nectaire with rind, aged cheddar 9 , and fresh cheddar 9 ; u scampi, shrimp, crayfish, and crab claw; v ox tongue, liver mousse, chitterling, duck liver paste, and pork liver paste; w hake, cod, whiting, smoked salmon, mullet, fresh salmon, cod 9 , and trout 9 ; x veal, pork, turkey, chicken leg, rabbit, lamb, chicken wing, and beef; y oyster, white scallop, coral scallop, and clam 14 ; z hake, cod, whiting, smoked salmon, mullet, fresh salmon, cod 9 , trout 9 , scampi, shrimp, crayfish, crab, squid, octopus 14 , oyster, white scallop, coral scallop, and clam 14 ; za turkey wing, chicken leg, and chicken wing.
zb No available data, therefore data of matured yoghurt were used. concentrations of polyamines in foods with no superscript indicate that they were from a single food 13 . Polyamine concentrations were expressed as nmol/g or mL. The amount in fish was a sum of the amounts in freshwater fish, and demersal, pelagic, and other marine fish; the amount in other marine meat was obtained by subtracting the sum of the amounts in fresh water fish, demersal and pelagic fish, other marine fish, crustaceans, molluscs, and cephalopods from the amount in fish and seafood in the FOSTAT database. Aquatic animals and other aquatic products were not consumed in surveyed countries. 
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Binh et al shown in Table 1 . These concentrations differed considerably among foods. Basically, meat and some seafood contained relatively large amounts of spermine and spermidine, and several fruit and vegetables contained relatively large amounts of spermidine and putrescine. While whole milk had few polyamines, cheese contained a large amount.
To test whether the data showed that increased amounts of Mediterranean diet foods were preferred in Mediterranean countries, food amounts relative to calorie amounts were compared between Mediterranean and northern Europe. As shown in Table 2 , greater amounts of olive oil, legumes, vegetables, and fruit and vegetables are preferred in Mediterranean countries compared with northern European countries. In addition, although no significance was observed, Mediterranean countries tend to prefer cheese Notes: Spearman's correlation coefficients were calculated to examine the association between the relative amount of various foods and polyamine intake per calories. Correlation coefficients of more than 0.4 and a P value less than 0.05 were considered significant. Mediterranean diet foods indicate the typical foods of which consumption were reported to be higher in Mediterranean countries than non-Mediterranean countries.
rather than whole milk, and wheat (cereals) rather than potatoes. While beer and other alcoholic beverages were preferred in northern European countries, wine was preferred in Mediterranean countries. Compared with those in Mediterranean countries, people in northern European countries had a significant preference for foods that are absent from the Mediterranean diet, such as animal fat and potatoes. The association between the relative amount of Mediterranean diet foods and polyamines per calorie was evaluated for the 49 Western countries. As shown in Table 3 , polyamine amount per calorie was significantly associated with the amount of olive oil, fruit and vegetables, seafood, and cheese relative to total calories supplied. Although their correlation coefficients were less than 0.4, the following ratios (legumes to total calories consumed, seafood and poultry to red meat, seafood fat to total fat, wine to total calories consumed) had a trend of positive association with polyamine amount per calorie with P values less than 0.05. 
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Mediterranean diet and polyamines Among the Mediterranean diet foods, only the ratio of wheat to total calories had a trend of negative association with polyamine amount. In spite of the positive association between cheese and polyamine amount, the ratio of whole milk to total calories and whole milk to dairy products had a trend of negative association with polyamine amount (P value less than 0.05).
Because our previous experiments showed that spermine has the most potent biologic activity among natural polyamines, 17 this analysis was done using spermine amount per calorie instead of total polyamine per calorie. As shown in Table 4 , the results were similar to those in Table 3 . Namely, spermine amount per calorie was significantly associated with supply of many Mediterranean diet foods, such as olive oil, fruit, seafood, cheese, and wine, relative to total calories. Again, despite the positive association between cheese and spermine amount, the ratio of whole milk to total calories and whole milk to dairy products had a negative association with spermine amount.
Discussion
The present epidemiologic study using data collected from an open database produced results similar to those of previous reports. [4] [5] [6] Namely, in Mediterranean countries, olive oil, legumes, fruit and vegetables, cheese, and wine are consumed in preference to animal fat, potatoes, and whole milk. Unfortunately, some of the data relevant to the Mediterranean diet, such as the amount of unrefined cereals and yoghurt, especially low-fat yoghurt, could not be obtained. Also, there was no between-region difference in the supply of a few Mediterranean diet foods per total calories, such as seafood and poultry relative to red meat. However, this epidemiologic study using an open database revealed that most Mediterranean diet foods are preferred in Mediterranean countries relative to northern European countries.
There is increasing evidence that following a Mediterranean diet correlates with greater longevity and delays the onset of age-associated health deterioration, not only in Mediterranean countries but also in non-Mediterranean countries. 25, 26 Although many studies have focused on particular food substances in the Mediterranean diet that are responsible for maintaining human health, the results have not been adequately confirmed. As shown in the previous reports and in Table 1 , polyamines are contained in most foods in widely varying concentrations, 12,13 therefore differences in dietary pattern greatly influence the amount of polyamine intake. As expected, most Mediterranean diet food consumption is associated with increased polyamine amount.
Among the mechanisms that account for the protective effect of the Mediterranean diet against age-associated health deterioration is that the Mediterranean diet seems to have a protective effect against mild chronic inflammation and its metabolic complications. [18] [19] [20] 27, 28 Similar to n-3 unsaturated fatty acids, which have been shown to decrease age-associated health deterioration, 29, 30 polyamine, especially spermine, has an anti-inflammatory effect by suppressing inflammatory mediators. 16, 17 In addition, an increase in intracellular polyamines from extracellular sources seems to help maintain vascular health. The increase in intracellular polyamines suppresses enzymatic activities needed for polyamine synthesis. Because polyamines are synthesized from arginine, this suppression could increase the amount of arginine available for nitric oxide synthesis. Decreased bioavailability of nitric oxide is involved in the pathogenesis of various disorders, 31 and, 32, 33 Therefore, continuously increased polyamine intake from foods increases nitric oxide availability and helps slow the progression of age-associated vascular disorders, which are the biggest killer of adults in European and Western countries. This is an epidemiologic study, so there may be confounding factor(s) between the amount of polyamine and the Mediterranean diet foods. Moreover, polyamine content in food is affected by the effects of food processing and storage, and one of the weaknesses of the present study was the inability to comprehend these changes. 32, 33 However, the present findings, together with previous studies on polyamines, 23 indicate a possible role for the food polyamines that are abundant in the Mediterranean diet in prolonging human life.
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